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ABSTRACT 
A simplified mission analysis was performed to determine an opti- 
mum engine cycle for a 100-passenger VTOL transport with a range of 
500 statute miles. The aircraft had a total of eight integral fan lift en- 
gines, three of which serve a s  cruise engines. Fan pressure ratio was 
varied from 1 . 2  to 1.3, overall pressure ratio from 7 to 13, and turbin 
inlet temperature from 2460' to 2860' R. Bypass ratio was selected to 
meet a 500-foot altitude flyover noise goal of 95 PNdB Airplane gross 
weight and direct operating cost (DOC) were calculated. The lowest 
DOC of 1.82 cents per seat-mile was achieved with a fan pressure ratio 
of 1 .3 ,  overall pressure ratio of 12,  and turbine inlet temperature of 
2860' R.  Initially, acoustic treatment weight was accounted for by 
penalizing all engines equally in terms of percent bare engine weight. A 
sensitivity study on engine weight later showed that this penalty, if in- 
creased 22 times on the 1.3 fan-pressure-ratio engines, would eliminate 
the DOC and gross weight advantage they held over the 1 .2  and 1 25 fan- 
pressure-ratio engines. 
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ENGINE FOR A 100-PASSENGER VTOL TRANSPORT 
by Kestutis C. Civinskas 
Lewis Research Center 
SUMMARY 
A parametric study was made of an integral fan lift engine that pro- 
vided cruise a s  well as lift thrust for a 100-passenger VTOL transport. 
The aircraft had eight engines, three of which operated during cruise. A 
500 statute mile range was selected with a cruise Mach number of 0.75 at 
an altitude of 20 000 feet. Fan pressure ratio was varied from 1 . 2  to 1.3, 
overall pressure ratio from 7 to 13, and turbine inlet temperature from 
2460' to 2860' R. Design point for the engines was sea level static, on a 
90' F day. A noise goal of 95  PNdB at 500 foot altitude and 80 percent 
thrust determined the bypass ratio for each cycle. 
A straight-line altitude versus Mach number flight path and a Breguet 
cruise were used in the mission analysis. Lift/drag ratios assumed a sym- 
metrical drag polar and included variations in engine pod drag. The study 
assumed equal weight penalti s for acoustic treatment of each fan p 
ratio. A sensitivity study was included to show the effect of an inc 
weight penalty with higher fan pressure ratio. 
thrust with three engines. Al l  required a reduction in duct nozzle exhaust 
area with increasing altitude; the greatest reduction was about 30 perce 
for the 1 .2  fan-pressure-ratio engines at cruise. For the range of varia- 
bles examined, the lowest gross weight of 102 200 pounds and DOC of 1.82 
cents/seat-mile were achieved with ann overall pressure ratio of 129 tur- 
bine inlet temperature of 2860' R, and fan pressure ratio of 1.3. The 
sensitivity study showed that the improvement with higher fan pre 
ratio would be reversed, if the actual weight penalty of acoustic t 
Sized for takeoff, all but one of the cycles produced adequat 
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for the 1- 25 and lo 3 fan pressure ratio engines were about l i  and 2i 
times greater, respectively, than for the 1.2 fan pressure ratio. 
INTRODUCTION 
Vertical takeoff and landing aircraft offer an improvement in short 
haul air transportation by relieving congestion at present airports, re- 
ducing airtime delays, serving communities currently without airports 
and allowing city-center to city-center travel. A number of VTOL air- 
craft configurations and propulsion systems (e * g s y rotors, tilt-wing prs- 
pellers, and l i f t  fans) have been studied both here and abroad (e.g. refs.  
1, 2, and 3) 
and interest, therefore, continues in many of them. 
system is studied. Reference 4 reviews the requirements and problem 
areas  of such systems. Some of the features that make this type of sys- 
tem desirable for civilian VTOL are:  (1) good potential for meeting re- 
duced noise limitations, (2) provision for safe management of powerplant 
or thruster failure, (3) capability of cruise speed approaching that of 
conventional jet transports, (4) use of available gas turbine technology, 
and (5) elimination of mechanical transmissions. Two general types of 
lift-fan systems currently under study a re  the remote-drive lift fan and 
the integral-drive l i f t  fan. The integral system consists of high bypass, 
low-fan-pressure -ratio turbofans whose thrust is directed downward 
either by engine positioning or thrust vectoring. The remote type con- 
sists of a number of lift fans powered by a working fluid ducted from 
separately located powerplants. A remote system which ducts the exhaust 
from a turbojet engine to drive a tip-mounted turbine on the lift fan has 
been under investigation for a number of years by General Electric (ref. 5) 
and was used in the GE XV-5A (ref. 6). Another remote system under 
consideration uses a low bypass high-pressure -ratio turbofan (air gen- 
erator) to supply compressed air to an auxiliary burner just upstream of 
None of the concepts has emerged outstandingly superior, 
In this present report, a low-pressure-ratio, lift-fan propulsion 
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the tip-turbine l i f t  fans. One air generator/lift fan VTOL configuration 
studied at the Lewis Research Center has been reported in reference 7. 
Theobjective of the present study is to optimize the parameters of 
an integral fan lift/cruise cycle for a 100-passenger VTOL transport 
meeting a flyover noise goal of 95 PNdB at 500 feet altitude. Fan pres- 
sure ratio, overall compressor pressure ratio, and turbine inlet temper- 
ature were varied in the study, in order to minimize gross weight for a 
fixed range and payload. Direct operating costs were calculated from the 
gross weights. 
The aircraft configuration had a total of eight engines, three of which 
were used for cruise. A 500-statute mile range was selected with a cruise 
Mach number of 0.75 at an altitude of 20 000 feet. Lift/drag ratios in- 
cluded a drag variation with engine pod size. Fan pressure ratios of 1.2,  
1.25, and 1.3, overall compressor pressure ratios of 7, lQ9 and 13, and 
turbine inlet temperatures of 2460°, 2660°, and 2860' R were examined. 
The engines were sized for a maximum thrust/gross weight of 1.375 at 
sea level static, on a 90' F day. Bypass ratio for each cycle was deter- 
mined so a s  to meet the specified noise goal. Initially, all the engine 
cycles were penalized with acoustic treatment weight equal to 20 percent. 
of bare engine weight. A sensitivity study was later included to examin 
the effects on gross weight and DOC of increased weight penalties. 
SYMBOLS 
AR wing aspect ratio 
2 wetted area, f t  AW 
b wing span, ft 
BPR bypass ratio 
drag coefficient 
induced drag coefficient 
cD 
CD i 
o cD 
cf 
cL 
D 
. DOC 
e 
v 
%N 
FPR 
L 
OPR 
P 
FC 
SPL 
4 
minimum drag coefficient 
friction coefficient 
lift coefficient 
drag, 4bb 
direct operating co&, cents/a 
i rphne  efficiency factor 
total net thrust, Pb 
fan pae~caure ratio 
lift, Ib 
11 compressor preaaaare ratio 
specific fuel consumption hs- 
sound preagure level, dB 
turbine inlet temp 
relative vel0 city 9 
tot 
Ision system weight, B 
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METHOD OF ANALYSIS 
Range and payload were held fixed, and takeoff gross weight was 
calculated for each cycle, Since the fuel required for the mission is 
directly proportional to gross weight, the fuel fraction WF/WG for 
each cycle is constant. An arbitrary gross weight of 80 000 pounds was 
used to first calculate the fuel fractions and then an iteration on gross 
weight was performed, scaling the airframe and engines to meet the 
required payload 
Mission 
A profile of the mission selected for the study is sketched in figure I., 
It consists of (I) vertical takeoff and conversion to horizontal flight with- 
in an altitude of about 1000 feet, (2) climb, (3) Breguef cruise at  Mach 
0.75 and initial altitude of 20 000 feet, (4) descent to 1000 feet, and 
(5) conversion to vertical flight and landing. Total range is 500 statute 
miles with a payload of I00 passengers, or 20 000 pounds. Reserve fuel 
for an extended 550 statute mile range with a 20-minute hold at 5000 feet 
was included. This mission, to be flown on a 90' F day, is similar to 
one discussed in reference 8. 
VTOL Transport 
The airplane configuration used for the study is shown in figure 2. 
It consists of eight lift engines; two in each wing-tip pod, one in the air-  
craft nose, and three in the tail. The tail engines also serve a s  cruise 
engines 
requirements under normal and engine -out conditions. During normal 
operation, an actual thrust/weight of l e  1 was assumed. The engines were 
sized to produce this thrust/weight while operating at 80 percent of their 
An eight-engine configuration was chosen to best meet thrust/weight 
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design thrust. The thrust margin is for control purposes. Control of 
the aircraft requires modulation of individual engine thrust while main- 
taining constant total thrust * Maximum available thrust/weight under 
normal operation, then, is 1.375; for engine-out operation, this re uire- 
ment was lowered to le  18* These thrust/weight requirements were esti- 
mated from reference 9 and are  the same as were used in reference 7. 
Figure 3 indicates the amount of excess thrust that must be available 
during normal takeoff in order to meet these two FN/WG criteria, A 
configuration with less than seven engines requires each to be consider- 
ably oversized a s  regards normal operation - obviously, a nonoptimum 
situation. A very large number of engines, though, is undesirable from 
the operator's point of view as regards maintenance, probability of an 
engine malfunction, etc. Eight engines were chosen based on these con- 
siderations e 
Estimates of wetted areas were made from a rough layout of the 
80 000 pound airplane based on the similar-sized aircraft of reference 8. 
Airplane drag without wing-tip pods was calculated at  the cruise condition 
from the wetted areas. A parabolic drag polar 
4 
was assumed. 
cD 0 
was 
cD 8 
4- 
calculated from the relatiomhip 
cD 0 
1 
where 
J 
7 
and 
1 
e TAR 
2 The equations for CD, CD , and (C 
on subsonic aerodynamics such a s  reference 10. The equation for (L/D)max 
is an empirical relationship based on fighter -bomber -transport configura- 
tions compiled by Langley Research Center. Wing loading was taken to be 
110 lb/ft and wing aspect ratio was 5.8. A flat-plate-friction coefficient 
was used where Reynolds number was based on two-thirds of fuselage 
length. Engine pod drag was estimated from a total drag coefficient cal- 
culated from empirical expressions for streamlined bodies of revolution 
found in reference 11. Cruise L/b  was then obtained for each engine 
cycle. Lift/drag variation during climb was calculated for one cycle 
(FPR = 1.25, OPR = 10, T4 = 2660' R) by a simple iteration on flight path 
angle. The straight-line Mach number -altitude relationship shown in fig- 
ure 4(a) was used for the flight path. This slightly exceeds FAR 91.70 
which restricts speed of all aircraft at altitudes below 10 000 feet to  
250 knots or  less.  The resulting variation with Mach number is shown in 
figure 4(b). For the other cycles, this curve was simply scaled in pro- 
portion to the cruise L/b values. Descent L/D variation was  obtained 
by linear interpolation between the cruise value and the value a t  start of 
climb. 
Takeoff and landing fuel was calculated by assuming 1 minute of oper- 
ation at takeoff thrust (FN/WG = 1 1). The method of reference 12 was 
used to calculate climb and descent fuel. Cruise fuel was calculated from 
the standard Breguet equation. 
/CL) can be found in most textbooks 
0 Di 
2 
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Takeoff Gross Weight Iteration 
With fuel fractions known for each cycle, the simple relation 
to calculate gross weights that met the 20 000-pound payload 
requirement. This equation can be rewritten as 
wL w, = 
20 000 lb wL 
WF/WG fuel fraction 
wS 
wP fa(WG, cycle param 
The f l  and f2  are  functions which scale the structure and installed pro- 
pulsion system w ights, re~peetively with gross weight. The structures 
control weight trends of reference 13. Fixed equipment weight for a 
100-passenger aircraft was estimat d from data in refer nee 3 .  The en- 
gine weight scaling used the bare engine weight to cycle parameter corre- 
lation of reference 14. Installation weight effects, including cruise nacelles, 
nozzles, inlet and outlet doors, engi e mounts, lift pod cowling and inlets, 
were based on weight/unit area (or/lb of thrust) figures from reference 8. 
Bare engine dimensions, needed for both the installation and structures 
weight calculations were obtained from th correlation of reference 14. 
was determined from bo y ,  wing, tail, landing gear, and flight 
d 
9 
t 
With the scaling functions for structure and installed propultion weight 
determined, equation (1) was solved iteratively for WG. 
these engines not being known exactly, all the engines were penalized 
equally, even though more suppression was required for the FPR = 1.3 
engines as will be pointed out in the iscussion on noise. Based on some 
preliminary and unpublished design data from a study of integral lift 
engines by General Electric, it was decided to use bare engine weight as 
calculated from reference 14 and to assume that it already included a 
20-percent weight penalty for acoustic suppression. The study was first 
done under thi assumption and then was repeated for one overall pres- 
sure ratio and turbine inlet temperature with weight penalties of 32, 44, 
and 56 percent for all fan pressure ratios. The A P / P  drop in the duct 
and core nozzle were kept constant throughout the study. 
The proper variation of weight penalty with PNdB of suppression for 
Engines 
An integral fan lift/cruise engine is shown in figure 5 .  It is a turbo- 
fan engine characterized by a low fan pressure ratio, a high bypass ratio, 
and relatively short length. It is referred to as  an i tegral fan engine 
simply to differentiate it from the remote fan concept wherein a working 
fluid is ducted to individual tip-turbine lift fans. The splitter rings in 
the duct and in the turbine exhaust, a s  well as the duct walls, are lined 
with acoustic suppression material 
dicated that a variable area duct nozzle would be required, as  shown in 
the figure. 
Fan pressure ratios of 1 2,  1 e 25, and 1.3; overall pressure ratios 
of 7, 10, and 13; and turbine inlet temperatures of 2460°, 2660°, and 
2860' R were examined. Pressure rise across the hub portion of the fan 
was assumed to be less than across the bypass section and was set at a 
constant 1 a 05 for all fan pressure ratios. Design point was at sea level 
Cruise performance calculations in- 
d 
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static conditions on a 90" F day. A l l  engine performance was calculated 
using the computer code GENENG I1 described in reference 15. This 
code uses actual component performance maps which it scales to input 
design point values of pressure ratio, mass flow, and efficiency. Design 
values of adiabatic efficiency, pressure losses and velocity coefficients 
were chosen a s  follows: 
Fan efficiency (bypass) . . . . . . . .  . . . . . . . . . . . . .  . 0 . 8 7  
Compressor efficiency . . . . . . . . . . . . . .  . . . . . .  0.85 
Combustor efficiency . . . . . . . . . . . . . . .  . . . . . . .  0.9875 
Fan efficiency (core) . . . . . . . . . . . . . . . . . . . . . . . .  0.84 
HP turbine efficiency . . . . . . . . . . . . . . . . . . . . . . . .  0.87 
LP turbine efficiency . . . . . . . . . . . . . . . . . . . . . . . .  0.83 
Inlet recovery . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.99 
Core nozzle pres-sure loss, AP/Pin . . . . . . . . . . . . . . . .  0.03 
Duct pressure loss, AP/Pin . . . . . . . . . . . . . . . . . . . .  0.02 
Core nozzle velocity coefficient . . . . . . . . . . . . . . . . . .  0.99 
Duct nozzle velocity coefficient . . . . . . . . . . . . . . . . . . .  0.99 
Combustor pressure loss, AP/Pin . . . .  . . . . . . . . . . .  0.07 
A cooling bleed schedule with turbine inlet temperature representative 
of convection cooling, was incorporated into the cycle performance cal- 
culations. The schedule is shown in figure 6(a) Figure 6(b) shows the 
total cooling bleed plit between high pressure and low pressure turbines. 
The values used for the component efficiencies and cooling bleed 
are representative of a design approach which emphasizes weight savings, 
maintainability . 
Design point (FN/WG = 1 a 375) takeoff and noise-rating point 
(FN/WG = le 1), start of climb, and cruise performance were calculated 
cycle (FPR = 1.25, OPR = 10, T4 = 2660' R) e From this, an interpolation 
scheme was devised for the other cycles to determine SFC, thrust, etc. 
along the climb and descent paths. Given the L/D ratio, SFC, and thru 
s, Climb and descent performance was calculated for one 
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along the flight path, the fuel fractions for each segment of the mission, 
for each cycle, and for an 80 000 pound gross weight were calculated. 
Noise and Bypass Ratio 
Bypass ratio for each cycle was selected to meet a 500-foot altitude 
flyover noise goal of 95 PNdB. Three sources of noise were considered - 
core jet, duct jet, and fan machinery. The noise rating condition was  
based on average engine thrust during normal takeoff or landing. For 
the 80 000-pound gross weight, the FN/WG requirement of le 1 specified 
an overall net thrust of 88 000 pounds. 
€or a thrust level of 88 000 poundse It w a s  derived from estimates 
of single-stage fan machinery noise in reference 16, by adjusting for 
thrust level and distance ., Figure 7(a) shows anticipated improvements 
with 15 and 18 PNdB of reduction, as well as the unsuppressed machinery 
noise a 
Jet  noise was calculated by the method described in reference 17. 
A t  jet velocities below 1000 feet per second, there is uncertainty as to 
how sound pressure level varies. In this study, the SPL equation of ref- 
erence 17 and the relationship €(ITR) between SPL and relative jet 
Ioeity (fig. 1 of ref, 17) were modified to obtain agreement with recent 
The €an machinery noise versus fan pressure ratio is shown in figure 7 
t noise data published in reference 160 Combined jet and machiner< 
noise levels were obtained by adding logarithmically octave SPL's after 
assuming a typical machinery noise spectrum with peak frequency in the 
sixth octave, 
The duct jet noise, being primarily a function of jet velocity, did not 
vary noticeably for constant fan pre e ratio and for the range of bypass 
ratios being considered, The assu chedule of fan machinery noise, 
too, does not account for any variation with bypass ratio. These two com- 
ponents of noise, then, were specified by the 88 000-pound thrust level 
and the fan pressure ratio. The difference between their sum and the noise 
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goal represented how much the core jet could ~ o n t r i ~ u t e  to the total and 
still meet the goal. By increasing bypass ratio9 the core jet noise could 
always be made low enough to m et the noise goal, as long as machinery 
and duct jet noise did not already exceed it. 
From figure 7(b), which shows machi ry and duct jet noise singly 
d combined, it can be deduced that d sign fan pressure ratios of 1.2 
and 1.25 with 15 PNdB of machinery noise suppression could meet th 
goal with some bypass ratio. It caw also be seen that a fan pressure 
ratio of lo 3 with 15 PNdB of mchinery noise suppression would not 
meet the goal with any bypass ratio. For th l e  3 fan pressure ratio, 
18 PNdB of machinery noise suppression was assumed. 
It should be pointed out that a tradeoff between the amount of sup- 
pression and BPR would result in a optimum value of each. This was 
not done in  the study for two reasons, First, the possible variation in 
amount of machinery noise suppr ssion was so constrained by the maxi- 
mum considered achievable (18 to 20 PNdB) and the minimum required 
for just machinery plu duct jet noise to meet th goal, that the addition 
of an extra variable into the study, BPR, did not seem warranted. See- 
ondly, the proper variation d weight penalty with s 
known, and so  was  initially ignored. It is recogniz 
penalties r e  sulti from acsustie suppressio r y  signjficantly, and al- 
though a sizable duct pressure loss was incl 
throughout the study a 
m 
ression was not 
lso that A P / P  
, it was held constant 
Direct Operating Cost 
DOC was calculated for each cycl using the relati 
reference 18- Flight crew eo a flight crew of 2, 
oil were assumed t o  cost lo 5
Insurance cost was calculated at rate of the initial airplane 
cost e Maintenance cost assumed an hourly labor rate of $5.00. A yearly 
utilization rate of 3000 horns was ~ ~ ~ r ~ i ~ e ~  from reference 19 for the 
6 cents per pound, respectively. 
J 
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approximate block time of 1 hour. Initial cost of the aircraft was based 
on an airframe cost of $7'1 per pound and an engine cost of $100 per pound 
of weight. Included the total aircraft cost was $350 000 for avionics, 
the figure used in reference 180 The materials and labor maintenance 
cost equations of reference 18 were modified to account for the different 
amount of usage that the lift/cruise and pure lift engines would receive. 
RESULTS AND DISCUSSION 
The bypass ratios for each cycle, picked such that at 80 percent de-. 
sign thrust (FN=WG = 1 1) , the total noise of eight engines just equalled 
95 PNdB at 500-foot altitude, a re  shown in figure 8. The noise calcula- 
tions which determined these bypass ratios, however, were with engines 
sized for an 80 000-pound aircraft. The final gross weights, and conse- 
quently engine size, were 30 to 40 percent igher, but sin e a doubling of 
gross weight would raise the noi e level by only 3 PNdB, this increase in 
gross weight did not seem to justify the additional iteration. 
The higher fan pressure rat ios ,  which extract more energy from the 
core stream by virtue of pressure ratio, do not require a s  high a bypass 
airflow to achieve low core exit velocity, h e r  asing turbine inlet temp 
s energy to the core stream and r quires a higher bypass ratio. 
In calculating cruise performance, a plot of e gine thrust versbs SFC 
esired for each cycle by varying the turbine ind 
SFC corresponding to the thru cruise L/D would thenbe 
used in the cruise fuel calculation. None sf the engines, however, wsul 
atisfactorily at cruise unless th 
from their design point values, The rea 
be illustrated by the fa performance map in figure 9. With increasi 
Mach number, the fa operating p0 tends toward i 
airflow, slightly lower pressure ratio, and most importantly, poorer effi- 
ciency, The result being that the operating point of all fan pressure ratios, 
at the cruise condition, woul be beyond the extent of the fan map (A-B) . 
uct nozzle areas were reduced 
this requirement can best 
To simply extend the map and ~ ~ ~ ~ i ~ ~ e  i ectiora. would mea 
asing efficiency a 
number at which the operating ~~i~~ falls off the map to about half th 
fficieney region 
presswe ratio 
in the propulsi 
J 
inlet temperature, an optimum 
The lowest gross weight occwr overall pressure ratio of abouk 12, 
Figure 11 shows airplane c 
ratio for an overall press inlet temperature of 
2660' R e  The curves lab lled, but aeoustical%y 
ratio was reach 
with fan pres 
pods etc. are includ 
tAIRFRAMEq? wei 
th cycle param 
the same values of cycle parameters - FPR = 1 3, OPR = 12, and 
T4 = 2860' R .  The av rage values of DOC, ba ed on 1972 dollars, are 
roughly twice those of present-day comme 
portions of the DOC were maintenance and 
unfavorably affe ted by the large number of engines. 
A l l  the results pres nted thus f a r  were obtained 
of an equal acoustic treatment weight penalty, that is, 20 percent of bar 
Figure 13 shows the results 
of varying this assump QC. The gross weight 
iteration was repeated with 32, 
overall pressure ratio of 10? turbine inlet temperature of 2660' R, an 
shown in figure 12 are 
ross  weight tr overall. optimum 
ial aircraft. The two largest 
preciation, both of which wer 
er the assumption 
e weight, for all fan pressure ratios. 
t weight penalties for an 
presswe ratio. It can be 
ease of about 30 percent (i 
PR would eliminate any g 
uld have over the 1. 2 F 
ent on the 1.25 FPR w 
DOC advantag that it had over the 
from the figwe that a weight 
arly, an increase of 
gross weight an 
n, in acoust 
actor in the 
lly treating thes 
A s  an exampl , consider the 8 an pressure ratio 
schedules shown in figure 14, Curve A corresponds to what. was used in 
e study. Curve B ly at FPR le n 125. It c a n b  
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from figure 7(b) that a t  these FPR's t oise goal could have been met 
with less than 15 PNdB of suppres ion, but with higher BPR's. Curve B 
corresponds to a minimum of mac oise suppression and a maxi- 
mum of core jet noise reduction by BPR. Curve C is 2 PNdB higher than 
case of more machinery nois d less core jet noise reduc- 
tion by means of BPR. It should be noted that the BPR's associated with 
each cycle here are really correct at each FPR only for schedule A .  Now 
also consider the suppression ght schedule shown in figure 15- The 
ape of the cwve was based ata taken from reference 20. The level 
was adjusted to agree with as yet ~ ~ ~ ~ b l i ~ h e d  data from a design study of 
integral fan lift engi ral Electric. This weight schedule, scale 
for engine diameter 
ure 13* This was done for the three suppression schedules A ,  B, and C. 
The results a r e  shown in figure 16 where they a re  superimposed on a re- 
plot of figure 13- Comparing these sample suppression curves with the 
originally assumed constant 20 per@ curve, it can be seen that- 
the highest FPR has suffered the most. In fact, for schedule C, the gross 
weight and DOC values are nearly the Sam for the 1 . 3  and 1.2 FPR cases, 
An optimum is reache at a FPR of about 1.26. 
is included for the sake of comparison. It represents the 
length, can now be related to the curves of fig- 
CONCLUDING REMARKS 
A study was made of ~u rbofan~p~wered  VTOL aircraft ,  carrying 
d ,  3 of which were also us 
ers fro 500 statute miles at a cruise Mach number of 0.75, 
Eight integral fan lift engines w 
e. The engines were constrained to meet a noise goal of 
95 PNdB at 500 feet, 
Within the range of cycle param 
of 102 200 pounds and best DOC of 1- 82 c 
a fan pressure ratio of 1 3 ,  overall pres 
the lowest gross weight 
-mile were obtained with 
of 12 ,  and turbine inlet 
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temperature of 2860' R. This, however, is presuming that 18 PNdB of 
machinery noise suppression is achievable f r a 1 - 3  FPR engine at a 
weight penalty equal to that (in terms of percent bare engine weight) for 
a 1 .2  and I e 25 FPR with 15 PNdB of suppression. 
1- 3 FPR eliminates the gross w 
l e  2 FPR, An increase to about 30 percent does the same to the 1.25 FPR. 
suppression weight schedules, i ieates that the optimum fa 
ratio for an integral fan lift engine me ting a noise goal is highly depen- 
den% on the real weight penalties that will be brought about by acoustic 
treatment. 
An  increase in the weight penalty from 20 to about 50 percent on the 
DOC advantage it had over the 
The sensitivity study combined wi%h ome samplbe suppression and 
REFERENCES 
1 Anon. : Study on the Fe sibflity of V/STOL Concepts for  Short Haul 
Transport Aircraft. NASA CR-902, 1967, 
2. Marsh, K. R.: Studyonth Feasibility of V/STOL Concepts for 
P Tramport Aircraft. NASA CR-670, 1967. 
3,  Fry, Bernard E. ; and Zabin&y, Jos asibility of V/STOL 
Concepts for Short-Haul Transport. Aircraft. NASA CR-743, 1967. 
4. Lieblein, S. : A Review of Lift Fan Propulsion ystems for  Civil VTOL 
Transports. Paper 70-670, AULA, June 1970. 
5, Ku%ney, J, T, : Propuleion System D nt for V/STOL Transports* 
f t ,  vol. 3,  no, 6, Nov,-Dec, 1966, pp. 489-497, 
c h ~ h ,  W, To:  XV- V/STOL Res rch Aircraft, 
e, vol, 11, no, 5, May 1965, pp. 2-9, 
7, Dugan, Jam e F,, J r o ;  Kr 8, Richard, P,;  Civins 
and Evans, Robert C. : Prelimin Air Generator- Remot 
1971. 
sion System for  ts, NMATMX- 
J 
18 
8. Wisniewski, John S. : V/STOL - A Weights Study of Various Concepts. 
Paper, 783, Ssc, Aeron. Weight Eng. May 1969. 
9, Thomas, W. W.; d Smith, E. Go : Lift Ratings of V/STOL Prs- 
pulsion Units r 710471, SAE, May 1971, 
l o e  Corning, Gerald: Supersonic d Subsonic Airplane Design. Second 
ed, Edwards Bros;. h c .  1960, 
llo Hoerner, Sighard F, : Fluid-Dynamic Drag. Midland Park, N. J. 
1965, 
12, Jackson, Charlie M, , Jr, : Estimation of Flight Performance with 
Clow?d-Form Approximation to the Equations of Motion. NASA 
TR R-228, 1966, 
13, Richardson, David A, ; and Eivi Joan: Configuration Design Anal- 
ysis of a Prop/Rotor Aircraft. Rep. D-215-10000-1, Boeing Coo 
(AFFDL-TR-70-44, AD-869949), Apr. 1970, 
14D Gerend, Robert P. ; and Ro ndhill, John P, : Correlation of Gas 
Turbine Engine Weight and Dimension Paper 70-669, AIAA, 
June 1970. 
15, Fishbach, Laurence H .  ; and Koenig, Robert W. : GENENG I][ - A 
Program for Calc ating Design and Off-Design Performance of 
Two- and Three-Spool Turbofans with as Many as Three Nozzles, 
NASA TN D-6553, 1972. 
160 Kramer, James J. ; Ckeahutt? David; Kresja, Eugene A. ; Lucas, 
James G o  ; and Rice, Edward J, :: Noise Reduction. Aircraft 
Propulsion. NASA SP-259, 1971, pp. 169-209, 
170 Anon. : Jet Noise Prediction. Aero pace Information Report 876, 
SAE, July IO9 1965. 
18. Stsu%, E, Go; Kegling, Po H , ;  Matteson, H. C.; Sherwood, D, Eo; 
Tuck, W. R,, Jr,; 
Intraurban Transportation Systems Vol 2 Lockheed - California 
Coo (NASA CR-114341), June 1971. 
d Vaughn, L. A. : Study of Aircraft in 
19 
19, Anon. : Standard Method of Estimating Comparative Direct Operating 
Costs sf Turbine Powered Transport Airplanes. A i r  Transport 
Assoc. of Amer. Dee. 1967. 
20. Anon. : Study of the Application of Advanced Technology to Long- 
Range Transport Aircraft. Vol. I - Advanced Transport Tech- 
nology Final Results. Rep. D6-22556, Boeing C o o ,  Jan. 1972? 
p. 167, 
4 
I 
J 
I 
I 
-+++-I i- 1 ' I  
- T 
1 ... 
-i 
t 
I 
I 
I --I. I 
- t  
- ' i- 
I 
I 
+t+ 
! 
i 
1 
- + I  
I 
I 
i 

'i 
p t  
-1 r i- 
t 
I 
i 
I 
"7 A 
. . . &  L 
d 

. 
8 A 
t -  
I 
-I - 
ir- 
-1 i 1 
,j I il: 
c+-+-cc-I+r 
I 
t"rrh-t +-t 
I 
3 I f -  
+- f '--ti 7 
. -i -- 
I .  

'rt -+ -. 
- +- 
i t +  
tt-, 
* t i  
r" 
i- t 4 
ccct 
r;l 
+ti 
+ni 
I 

1 
